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SUMMARY

Problem

This study explored methods for providing a common definitional/
orientational framework for the Instructional Systems Development (ISD)
model so that each step in the ISD procedure could be based on a common
set of integrating and coordinating concepts developed from the first step
of the ISD procedure, Methods were also examined for integrating the
various steps of the ISD procedure to allow for more systematic evalua-
tion of ISD methods and improvement of communications among training
program developers. The study also investigated the potential of certain
advanced and novel testing techniques compared with the usual multiple
choice tests currently being used in Air Force technical training, It was
felt that certain novel testing techniques could provide for richer and
more varied evaluative feedback that would aid in course and student eval-
uation,

Approach

In order to derive the basic job dimensions of the electronic prin-
ciples and administrative specialist Air Force specialties, two lists of
critical or frequently performed tasks were compiled from Occupational
Survey Reports (ORSs) and Plans of Instruction (POIs), Multidimensional
scaling and hierarchical cluster analysis were then employed to derive the
job dimensions of the two specialties, The following advanced measure-
ment techniques were construcied on the basis of the job dimensions de-
rived from the preceding analyses: sequential, confidence, pictorial ab-
surdities, pictorial, analogies, cognition of figural systems, partial know -
ledge, technical words, and Thurstone scaling. These advanced measure-~
ment techniques were administered to samples of electronics principles
and administrative specialist students, Concurrent validity, reliability,
cost/benefit, and attitudinal data were collected to evaluate the advanced
measurement techniques.




Results

The results indicated that multidimensional scaling analysis of
job tasks possesses considerable potertial in ISD by providing a com-
mon framework for application of each step in the ISD procedure, Sev-
eral of the advanced testing techniques seemed to be potentially more
useful than the multiple choice tests being used, based upon prediction
of end of block test scores., The attitudes of the Air Force technical
training instructors and students enrolled in the two courses were, for
the most part, favorable toward the advanced measurement techniques,

Conclusions

1, The multidimensional scaling method seemed to possess merit
as a method for ordering job analytic data and for providing coherency
within ISD application.

2. The advanced and novel testing procedures seemed to provide
an adequate alternative or adjunct to the multiple choice format currently
being used.

3. Psychometric, cost/effectiveness, and related properties favor-
ed consideration of the following advanced measures: sequential testing,
figural systems, confidence testing, technical words, absurdity recogni-
tion, partial knowledge, and scoring on the basis of the theory of signal
detection (d'),

ii
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I. INTRODUCTION

Technical training within the Air Force is developed through
a closed loop scheme known as the Instructional System Development
(ISD) technique. The system is based on a systematic set of steps
which aim to produce technical training programs which are maximal-
ly consonant with on~the-job requirements,

Within the ISD method, one step is concerned with test and eval-
uation, This test and evaluation aspect aims to develop measurement
instruments/ methods for determining whether or not the student has at-
tained formalized criterion objectives. '

The present program possessed two separate but interrelated
purposes, The first purpose was to demonstrate methods for integrat-
ing the various steps in the ISD progression. The seccnd purpose was
to explore and demonstrate the utility of novel test concepts for student
achievement measurement,

The ISD Model

Specifically, the revised ISD (AF Manual 50-2, 1970) model is
composed of five formal steps:

l. Analysis of System Regquirements--identifica-
tion of the tasks to be performed within the overall
environment of the operational system.

2. Definitionof Educational or Training ReqQuire-
ments-~-determining the tasks that require instruction,
the level of student proficiency to be developed, and
the resources needed to conduct the instruction.

3. Development of Objectives and Tests--identifica-
tion of the behaviors required for successful job per-
formance and constructing criterion objectives and
teaching steps, as well as achievement tests.




4. Planning, Development, and Validation of
Instruction--selecting instructional methods, media,
and equipment that best satisfy learning objectives,
determining the sequencing of the instructional ma-
terial, validation of instructional materials to in-
sure that all elements of the instructional system
function effectively in achieving stated objectives.

5. Conducting and Evaluating Instruction--iden-
tification of problem areas and corrective actions
needed in order to satisfy the requirements of the
operating commands.

It is possible, however, that if different persons with different
points of view perform the various ISD steps, a certain amount of loose-
ness might enter the instructional system. For ‘example, the person de-
veloping the training requirements (step 2) might perceive the job anal-
ysis (step 1) differently from the original job analyst. And, the person
developing the objectives (step 3) might perceive the requirements dif-
ferently from the person who developed them, and so on, The result
could be the introduction of considerable noise at various system nodes.
This noise could reverberate and resonate throughout the entire system,
with the end result that coherency is lost. What is needed is a method
for ensuring system integrity, Spec:fically, the present report takes
the point of view that if a set of integrating and coordinating constructs
can be developed on the basis of the results of step 1, then these con-
structs can serve to define and focus each of the succeeding steps. The
end result would be a common definitional/orientational framework
throughout. Moreover, such a common framework would allow more
systematic evaluation of the ISD methods and, more importantly, fur-
nish a basis for communication among those involved in the training
program development. For example, if the fifth step (conducting ¢ nd
evaluating instruction) is conducted in terms of criteria which are dif-
ferent from the training requirements (step 2), there can be no basis
for discussion between the two groups performing the separate steps.
The present report takes the point of view that multidimensional scal-
ing analysis or cluster analysis of the task identified in step 1 (analy-
sis of system requirements) can provide the needed common integrat-
ing core.



Mul bidlimensionad Scaling Analysis (MSA)

The two central problems in MSA are the determination of: (1)
the minimum dimensionality of a given set of stimuli, and (2) the scale
value of each stimulus on each of the dimensions. The specific experi-
mental and computational procedures used have been described in de-
tail by Torgerson (1952, 1958), Messick (1956a), and Messick and
Abelson (1956).

The basic judgment on which the whole structure of MSA rests
is very simple. In order to obtain estimates of the "psychological dis-
tances' among the various stimuli in the set, most experimenters have
asked the subjects (judges) to indicate, in some manner, the degree of
overall similarity between each stimulus pair. The methods for obtain-
ing and scaling these similarity judgments are generally analogous to
the classical psychephysical scaling techniques,

If the obtained scaled values can be taken as measures of the in-
terstimulus distances in a Euclidean space, the analytical problem then
becomes the determination of the number of axes in that space and the
projections of ihe stimuli on these axes., In these final stages, MSA
uses factor analysis. As in factor analysis, for example, the pattern
of scale values {loadings) of the stimuli (tests) on each dimension (fac-
tor) presuruably enables the experimenter to attach meaning te, and so
to name, the dimensions,

There are a number of technical problems involved in MSA,
such as the choice of method for obtaining the interstimulus distance
estirates, the choice of spatial model to represent the distances, the
determination of the constant required to set the distance estimates on
a ratio scale (Messick & Abelson, 1956), and the decision as to whether
a transformation of the basic data is required (Helm, Messick, & Tucker,
1961). PBasically, however, MSA involves the steps of: (1) obtaining a
matrix of interstimulus distances, and (2) determining the dimensional -
ity of the space containing the stimulus points,



MSA also differs from certain other statistical *echniques
like factor analysis in that the results of the MSA grow out of the
perceptions of the subjects who make the similarity judgments. The
organization of the field that it produces is, therefore, the structure
as perceived by these judges. What they consider correlated will be
included in the emergent dimensions., Since the perceptions of the var-
ious types of judges may differ, the resulting dimensionality of the
data may vary across different groups of judges.

MSA has been demonstrated to constitute a valid method for
discovery of the underlying job dimensions in the job analytic context,
For instance, Siegel and Smith (1965) used MSA to order the dimen-
sions of the job of Civil Defense Director. Also, Schultz and Siegel
(1962) and Siegel and Schultz (1963) performed a series of multidimen-
sional scaling analyses in order to determine the job dimensions of
Naval Aviation Electronics Technicians.

Hierarchical Clustering Scheme (HCS)

An alternative to MSA is some form of cluster analysis, Johnson
(1967) demonstrated an algorithmic technique for grouping variables
on the basis of empirical measures of similarity-dissimilarity. The
technique, much like factor analysis, clusters homogeneous variables
and is referrred to as a hierarchical clustering scheme (HCS). HCS
has the inherent advantages of being rapid to compute manually, pro-
grammable for computer calculation, and open to several types of ex-
tensions or modifications.

The hierarchical features of the model are such that each sub- .
sequent cluster in an array of clusters is obtained by combining clusters
at previous levels, Levels are determined by quantitative values which
can be taken to indicate degrees of ''strength. " Eventually, all vari-
ables are clustered together to form the strongest clustering; the strong-
est cluster represents the merging of all previous clusters,

The clustering method produces solutions that are invariant un-
der monotonic transformations of the data. Johnson states that the
monotone transformation processes are dependent on the rank order
of the data and that cluster analysis can be carried out knowing nothing
of the data but the rank order. The values assigned to the clusterings



arce determined by rank order so thal & monotonic transformalion of
the similarity malrix transforms the values ol the clusterings, bul
lecaves the clusterings invariant,

Advanced Measurement Techniques

As stated above, step 3 of the ISD technique involves the con-
struction of measurement tests, Within the various Air Force tech-
nical training schools, these measurement tests often take the multiple
choice format., While multiple choice achievement tests possess a num-
ber of advantages, there is reason to believe that other paper and pen-
cil testing methods would provide a more varied and richer student
evaluative basis, Accordingly, the second purpose of the present work
involved exploration of some alternate test methods in the Air Force
technical training context,

Additionally, the content areas covered by these alternate test
- approaches (called in this report "advanced" or "novel" measurement
techniques) were drawn from, and based on, the results of the multi-
dimensional scaling approach. Accordingly, the procedures serve as
a test of the utility of the multidimensional scaling procedure for pro-
viding an integrating thread between the job analysis and the measure-
ment testing,

Specific Purposes and Overview of Present Program

The specific purposes of the present program were to: (1) explore
the utility of the multidimensional scaling/cluster analytic approaches as
a basis for organizing certain aspects of the ISD procedures, and (2) in-
vestigate the utility of alternate test concepts in the technical training
context.

To achieve these goals, two Air Force courses were selected for
study--electronics principles and administrative specialist. These two
courses represent wide differences in job content, training approach,
and general required student aptitude, The MSA and the cluster analy-
tic techniques were applied to available job analytic data for thc techni-
cal specialties which graduates of these courses enter, Then, advanced
measurement instruments were constructed on the basis of the extracted
dimensions/clusters and the reliability, validity, and cost/effectiveness
of these novel instruments were determined. The details of the methods
involved and the results obtained are found in subsequent sections of
this report. '




1. MIFTHODS

Development and Administration of Task List

It is important in multidimensional scaling, as in cluster anal-
ysis, to consider carefully the variables on which the analysis will be
carried out, since the end result will reflect only the input data. For
the present research, interest was centered on the behaviors involved
in both the administrative specialist and electronics technician Air Force
specialties, Therefore, two lists of behaviorally oriented job tasks were
desired which would be inclusive of all the kinds of work performed by
the men in these ratings, but which would not be so detailed as to require
an impossibly large number of similarity comparisons or as to make the
judgmental process unreasonably cumbersome.

With regard to the administrative specialist, the 35 tasks which
were most critical or frequently performed by lower level airman ad-
ministrative specialists were selected from relevant Occupational Survey
Reports (OSR's). The tasks so selected were:

. Type correspondence, directives, or reports
. Prepare masters for reproduction
Extract information from files
Process and file correspondence
Post and insert changes in manuals, TO's, regula-
tions, and similar publications
6. Operate office copying machines such as xerox, thermo-
fax, or mimeograph
7. Prepare drafts of correspondence, directives or reports
8. Maintain active publication files
9. Maintain index to forms and publications
10. Maintain personnel locator files
11. Prepare and dispatch messages
12, Establish and maintain suspense files
13. Coordinate work activities with other sections or agencies
14. Schedule appointments and conferences
15, Maintain special order files
16. Prepare administrative orders

1
2
3
4
5




17. Requisition publications

18. Process outgoing mail

19, Maintain locator records

20, Distrihute forms and publications

21, Receive, time stamp and route messages

22, Maintain inventory of forms and publications

23. Process official incoming mail for routing

24. Requisition supplies and equipment

25, Maintain status boards

26. Maintain duty rosters _

27. Receive and process requisitions for forms and
publications

28. Develop procedures for record maintenance and
disposition

29. Prepare briefs of correspondence or repcrts

30. Maintain current routing guide and distribution lists

31, Develop and improve work methods and procedures

32. Operate key punch machine

33. Sort and distribute personal mail

34. Edit and review correspondence and reports

35. Determine requirements for equipment and supplies

A somewhat different approach was followed for the electronics
specialist. The Occupational Survey Reports for electronics specialties
were considered unsuitable because job experts at Keesler AFB indicated
that these task listings did not adequately represent the Electronics Prin-
ciples course, It was indicated that the Electronics Principles Plan of In-
struction (POI), rather than the Electronics Specialist OSR's, should be
used to develop the task list. Accordingly, Applied Psychological Serv-
ices constructed a 26-item electronics principles task list from the Elec-
tronics Principles POI. The following items comprised the electronics
principles list:
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12,

13.
14.
15,

16..

17,
18.
19.
20.

21,
22,
23.
24,

25,
26,

Knowing the purposcs,uses, and application of com-

‘ponents

Using equipment and tools properly and carefully
Cleaning up and maintaining orderly work area
Comparing the effects on circuit function of similar
components

Describing components

Relating measures taken from components
Identifying electronic components and subclasses of
components :

Performing calculations

Identifying electronic components from schematics
Observing changes in measurements taken from
electronic components

Inferring changes in component characteristics as the
result of measurements

Measuring amplitude, capacitance, resistance, voltage,
etc., with appropriate test equipments

Knowing the principles of circuit function

Knowing the characteristics of components

Knowing component limitations

Knowing the use, application, and limits of various
circuit types

Knowing circuit theory

Identifying atomic components and their action
Knowing the theory of operation of components
Explaining effects on circuit function of electronic
components

Using oscilloscope

Using miscellaneous t2st equipment
Troubleshooting from schematics

Reading schematics and identifying parts/components
on schematics

Employing safety precautions for self

Employing safety precautions for equipment



Similarity Estimates

As a starting point for analysis, the multidimensional scaling
model requires an estimate of the psychologicat distance between each
pair of stimuli, Messick (1956b) has urged the multidimensional meth-
od of successive intervals as a simple, efficient, and desirable method
for obtaining these data. He presents evidence and argues (1956c) that
it: (1) takes less time than other metnods, such as complete triads, (2)
can therefore handle more stimuli in a given amount of time, and (3)
produces equivalent results,

In the method of successive intervals or, as a special case, the
method of equal appearing intervals, the distance judgments with regard
to all possible stimulus pairs are indicated by the judge along a scale
which is provided for him. For the present work, the stimulus material
(either electronics or administrative, as appropriate) was presented in
booklet form. At the top of each page in the booklet, one of the tasks
was shown, Below it at the left side of the page, the remaining tasks
were listed in a random order which was varied from one page to anoth-
er. A scale running from 1 to 11 appeared to the right of each of the
tasks. The scale pointsl and 2 were described at the top of the page as
representing a judgment of ''very similar'; points 3, 4, and 5, as repre-
senting "moderately similar'; points 7, 8, and 9, as representing "'mod-
erately different'; and points 10 and 11, as representing ''very different. "
Scale point 6, in the middle of the range, was not described in verbal
terms. A sample page of the administrative specialist form, called the
Technical Task Inventory, is shown in Table 1,

The directions asked the subject to compare each task listed with
the one shown at the top of the page and then to 'indicate by check in the
appropriate column to the right how similar or different the two tasks
are.'" The complete cover page of the form, including the directions,

is shown in Table 2.
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Sample Similarity Estimatie Page

Maintain Index To Formg And Publications :
Very Moderately Moderately Very
Similar Similar . Different Different
1 2 3 4 5 6 .7 8 9 10 11

Post and insert changes in manuals, TO's,
regulations, and similar publications......

Prepare and dispatch messages.o.svvvsonss
Schedulz appointments and conferences, ...

Develop procedures for record maintenance
and disposition....ceeeerernssrsonssronns

Maintain special order files......c0cvuuss
Type correspondence, directives, or reports,
Requisition publications. sescvecosneconnss
Requisition supplies and equipment.......
Establish and maintain suspense files.......

Develop and improve work methods and pro-

cedureSssseesssrescscovrrsrarssosscsssans —_— e
Maintain duty rosters. s sessesvossssaesss
Process outgoing mail...ceovevvenernsns
Prepare briefs of correspondence or reports, .

Maintain cwrrent routing guide and distri-
bution listS.seveuesnseercssnnssoscnannss

Extract information from files,........... — -

Prepare drafts .of correspondence, directives,

OF TEPOItS. s s s v ncscnssssanssvscscsncsos —_— — —— — e —
Operate key punch machine.............. — e
Maintain personnel locator files..........

Maintain locator records. cceceesosscnssee
Distribute forms and publications.........

Maintain status boards. . eeeevescersnsnans
Process official incoming mail for routing. .
Prepare administrative orders..ccevvvuvnss
Receive time stanip and route messages....
Process and file correspondence..oevesvsse
Frepare masters for reproduction. . 